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TO: Mr. Lee Webster, ATC-T (1 1- ECTE

Project Engineer DEC 2 9 1941
Advanced Technology Center ,

P.O. Box 1500
Huntsville, AL 35807 -

FROM: Professor Robert 0. Hunsucker ,

M SUBJECT: Final Report, Title: Ionosphere Research
Contract No. DASG6O-80-C-0047

Objectives:

The aim of the contract .between BMC/ATC and the Geophysical Institute of
the University of Alaska (GI/UAF) has been to provide support for Mr.
Robert Freyman of Los Alamos National Laboratories (LANL) to conduct
investigations of the long-delay-echo (LDE) phenomenon at field sites in
the auroral zone.

Personnel:

The Principal Investigators of the project were Professor Robert Hunsucker
of the GI/UAF and Mr. Robert Freyman of LANL, with Professor Syun-lchi
Akasofu of the GI/UAF as a participating scientist. Mr. Brett Delana

was project engineer, Miss Kay Driscoll worked as electronic technician
and Ms. Pat Brooks (all of GI/UAF) was project administrator. Mr. Al
Koelle of LANL assisted Mr. Freyman as electronic engineer. Mr. Lee
Webster of BMD/ATC was the sponsor project engineer.
The first visit to the GI/UAF to consider the feasibility of the LDE

-,i study was conducted by Mr. Larry Atha, Dr. Darell Harman, Mr. Lee Webster
Sand Mr. Robert Freyman during the period 10-11 July 1979.

"asks Accomplished:

In general, extensive field site and equipment modifications were accom-
plished by the project staff and assistance wns provided to Mr. Freeman
and Mr. Koelle during three operating campaigns:

1. 8-22 July 1980
2. 18-26 September 1980

S1 •/3. 23 June-8 August 1981 0 1

D11)
___.______r t ? ' • Geophysical Institute, University of Alaska, C.T. Elvey Building,
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LDE's were, in fact, observed by Mr. Freyman during campaigns and re-
ported In two publications,

a. "Measurements of long delayed radio echoes In the auroral
zone," R. W. Freyman, Geophysical Research Letters, Vol. 8,
No. 4, pages 385-388, April, 191.

b. (This report has not yet been released for publication by
LANL).

More specificall, as reported in our Progress Reports No. I (June 11,
1980) and No. 2 -January 22, 1981) our GI/UAF staff:

a. Refurbished a U.S. Navy surplus 4 KW HF transmitter to accommo-
date the emissions required by Mr. Freyman (about 3 man weeks).
The transmitter was tuned to operate on 9.9, 14.5 and 15.4 MHz.

b. Modified the already existitig 3lectronic antenna switching panel
to change from an ionosonde send/receive mode to a circularly
polarized configuration for the LDE study.

c. Installed and erected an antenna and assisted In assembling
equipment at Ballaine Lake field site.

d. Assisted Mssrs. Freyman and Koelle in a complete and thorough
test of system frequency stability, spectral purity, etc.

e. Assisted LANL personnel In all areas of logistics associated
with their campaigns, i.e., transportation, housing, reserva-
tions, shipping and receiving of equipment, etc.

f. Installed a telephone at the Sheep Creek site to facilitate
communication.

In addition, extensive discussions on theoretical and experimental

relations were held between Professc.rs Akasofu and Hunsucker and Mr.
Freyman.

Campaigns:

1. 15-22 July 1980 - over 2000 LDE's detected at 9.9 MHz. A
positive correlation was obtained between the number of reflec-
tions per unit time and local disturbed magnetic conditions.
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. 2. 18-26 September 1980 - Po LDE's detected. 'Lack of Success In
observing LDE's partially attributed to the extremely high

level of propagated HF Interference received at College near

the 9.9 MHz operating frequency during this part of the sunspot

cycle. Tried two different field sites In the College area.

3. Z3 June-8 August 1981 - many LDE's detected. The official

LANL report has not yet been released. Mr. Freyman indicated

that the reception pattern of the LDE's indicated that they

were propagating in ducts tens of meters In diameter and

kilometers in separation.

During the period 3-8 August 1981, our staff assisted Mssrs. Freyman and

Koelle in disassembling the LDE equipment at the Sheep Creek field site

and restoring the site to its original condition.
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MSURD IMS OF r=G D0MAXD RADIO I 0ES IN THE ALCAL ZCNE

"obert W. Freyma.

Los Alamu National Labocatory, LEo Alamlo, N4 87545

N=ltract. A high-latitude, earth-based high- calculated that the low group velocity mechan-
f eqjancy (9. *ft) radicwave backscatter tech- isms required an order of magnitude more time
nique fco thd real-tim detection of tan Do- for generation than is available at H'. The low

layed was tested at College, Alaska. grop velocity ideas have high attenuation per
Ovae 2000 aparent tWE emc detected and re- unit tim, which requires a secondary amplifi-
ocrded from 15 to 22 July, l980. cation schome fco a reflected signal above

A poeitive correlation was obtained between noise.
the umer of reflections par unit time and the Following R? conjugate backscatter experi-
probable entry of enhanced solar Plama into ments at Los Alamos, we proposed an alternative
the magnetcoph•ee arWo local disturbed eag- r= mechanism. This pross involves the ocup-
neoic coditions. The modes and paths by which ling of WF signals through the ionosphere onto
the signals propagate are yet to be estab- auroral magnetic field lines, whence they pro-
lJshed. Hoever, regardless of their ocigin, pagate along magnetic flux tubes into the cuter
the echoes eaem to be genuine and thes oheer- magnetosphere until total or partial reflection
vatia.s are therefore unique in the study of from plasma density fluctuation oc magnetic
WE cadiowave propagation phenomenology. perturbations result in EDE. It w'o anticipated

that these pcpagation and reflection mechan-
Background isms would be effective or•y during disturbed

gaoagnetic conditions c following solar
Tte Phwmon of Long Delayed Radio Echoes flares. The results dcibed may not be de-
(LE) has bew extensively studied by Ials pendent upon this mechanism, however it did
(1934), Stocmer (1929a,b), Budden and Yates influence the planning and operacion of the
(1952), Villard at al. (1969, 1970), Crawford experiment.
et al. (1970), Sears (1974), Duffett-Smith
(1975), Vidmar (1978), Goodacre (1980), and Eeriment
Muldraw (1979). These papers, which reported
failure or only limited success in the detec- The experimental objectives were to detecttion of MEZ, contributed to the pL&•.'g Of the LV, enure tk.at the LME we f ra our trans-

experiment and the results described in this mission, measure the total time of flight, and
letter. determine the I I•r shift of the returning

Hals (1934) and Sbm (1929a,b) reported waves. The expei iment was conducted during July
ME of 3 to 30 seconds, in addition to the usu- 8-22, 1980. The radio transmitter was operated
al around-the-world return of 1/7 s, on the frem 6 to 12 hours each day, generally frcm 9
transmissions of the Dutch shortwave telegraph am to 12 pm ADT (1800-0900 UT cc 0600-2100 mag-
station Pc3j in Eindhoven. &udden and Yates netic local time). WE were observed on 5 days,
(1952) did not detect an L in a year o•fex- foc 2-3 hours on e occasion. Three periods

pwimentation. Ouffett-Smith (1975) also did were around magnetic non and two periods were
not detect any LW in oft million trannis- in the late magnetic evening hours.
sir . villard et al. (1969, 1970) collected The pre-experiment ounditions and expecta-
and summarized amateur radio LDE reports. tions were: the tiansmitter frequency would be
Crawford et al. (1970) conducted cxperiments to above the plasma frequency of the ionosphere;
test their theory of propagation in an electron the transmitted radiation would be in the cir-
plasma mode at very low group velocity. cularly polarized, extraordinary mode in order
Goodacre (1980) performed E-F layer ducted mode tw be ducted along magnetic field lines in the
experiments and Muldrew wrote a review of rWE presence of plasm (Davies 1966); the echoes of
research and proposed a mechanism involving such transmitted signals would be received in
nonlinear wave-wave interactions. Sears' exper- the circularly polarized, ordinary mode; the
iment yielded 31 possible LE in 3700 hours of transmission and reception woild be from the
transmissions over a 5 yea period. Vidmar earth's surface in the auroral zone; a•d radio-
(1978) ontinued this line of investigation at wave propagation would be at the speed of light.
(1978)kan97~red t The Shnep Creek loconeade Site of the Geo-' ~~Sheeo Creek, Alaska in 1978 and recorded 9 to TeS• CekIK:• St fteGo

U. possible LOE, but he did not believe any of physical Institute of the University of Alaska,
the re =rded events were valid LWE. near Fairbanks, was selected foe the experi-

Many LDE mechanism. suggested, inv •e non- ment. The transmitter previously used by Vidmar
classical propagation modes at, or near, the (1978) was made available to us along with &
speed of light, or Plasma modes at low group pair of orthogonal, multiplawire delta antennas
velocites. Nonclassical propagation modes have (which was shared with the icoosonde). A
been dismissed as a possible mechanism by Sears Collins R.390A receiver, a flux-gate magnetome-
(1974) because the beam dispersion alter sever- tar, test equipment, and engineering suLport
al seconds would not allow a reflected signal were also sulied by the Institute.
to be detectable above noise. Vidmar (1978) The transmitter power output was 1 WG on 9.9

MEz. The transmitter pulse length was fixed at
Copy-right 1981 by thd American Geophysical Union. 10 ms, and any number of pulses could be trans-
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mitted in sequence, with 50 ms be the in Fig. 1 bteen 7 and 15 s, plus "has" at
leading edges of successive pulses. the beginving of the sweep frm dh trmmeitted

The R.390A ceimr i.f. output was demadula- pules ard local b@ckacattec.
ted in a d.c.-coupled detector. This signal fed The next transmission 16 s later, recorded on
into a signal processor that accepted only the sm, Line, crsulted in returns that matched
those echoes whose laenth was within a 5- to the first eight earlier "hits" so closely, both
lj-ms gate and whose intensity exceeded a in tiff. ar4 Doppler shift, that they merged and
thre-ihold established by integrating the aver- are seen in rig. la an the brightening and
age detector output fo the previous 200 ms. elongating of dhs dots. The last six hits
When an echo was accepted by the electronics as were intesififed only on the first sweep, so
valid, the storage oscilloscope trace was in- they Are sale4 and less intense.
tesif ied and registered the "echo" as a dot on The information frcm the first ewo swee was

the asco Th 0oftrahe shif store onsu the oscilloscopel~The oscilloscope x-axis displayed echows as a after t.o min had elapsed, two muce transmis-
unction of time after transmission of a pulse sicu wee made to detemine if ay of the pro-

group. The x-axis skwe times used were 2, 10 vlous targets had mowed (Fig. Ib). None of theand 16 s. The Dopplar shift was measured by Previous tacgQjtI were precisel.y overwriten,

cotmting the receiver i.f. during the first 5 but the locations of the previous targets and
MIS of each pulse return. This measurement was several now ones in the 4- to 12-s region wereFo~mcted to an analog signal and presented as hit on both sweeps.a vertical deflection an the y•-axis. The y-axis All stored WE were Grasd, and 2 min later
baslin was moved vecttcally attar each swee Fig. lc ,was recxded. This consisted of tb

to display up to 18 contiguous 10-s swiesps, tcaraumissions, as before, and - me a num-
era are three in nt methods for as- ber of the targets were illuminated on both

certaining the character of motions of reflect- trarnssions, except for the five returns at
ing regime: (a) ch in ton echo time of extremm eange that were tec only once.
distinctive reflections between sucssive These rese•ble thAir probable counterparts in
swes; (b) a:emion or expansion of the Fig. lb.
50-us interpulse spacing; (c) Doppler shift When these data were taken, the mwas
measureamnts of the individual pulses. Even still being checked out and th•er was no reason
without knowledge of the signal propagation to expect LE activity (from local magnetic
speed, tka relative character of these motiens field changes or reported solar flares). How--
can be noted. Knowledge of the actual propaga-- m, the character of the radio background
tion speed would permit determination of abso- noise did change and patterns of illuminated
lute speeds and displacements of reflecting dots started to appear on the storage sc=pe.
regions. All Dopler shift-to-velocity conver- The overwriting of previously recorded returns
sions in this letter assume radiowave propaga- was so e"traordinary that it was decideod to
tion at the speed of light, record the data even though these were not re-

Although the storage oscilloscope has virtu- garded as valid TZE at the time.
ally no gray scale, when the same location is A search had been made for systematic noise
"hite a secd time the spot size a- t ",uces within the transmitter and the adjacent
doubi.es. Subsequent "hits" produce little iorsonds and all ware either eliminated cc
chanre in spot diameter, identified so that they could be recognizd as

such on the recorded data. Such noise, as for
ulAU.ts examle froa the ionosode' s clock, show up as

randomly scattered dots at a rate of no more
Several thousand apparent LE, with time do- than five in fifteen minutes.

lays ranging from 0.5 to 16 s, were detected The low rate of such background noise and the
and recorded on transmissions made from Sheep fact that the tranmissions ware not synchron-
Croek between 15 and 22 Jiu.y 1980. &zed to either poiw line or standard time make

it extremely izirobable that the results stown
Event 1 in rig. 1 were due to artLfacts. In adition to

the probability of repeating the timing, it is
gesimOnca bakgoud. O 14 July 1960, at difficult t ,niv of a *noise" process that

0829 UT, Solar Region 2562 prodced an )/5 wxld also repeat the freque••y shift pattern.
flre. The evr(Wm indicates that, whatever the pro-

LE rcorded. After se days o esation, am is, snm kind of repeatable echo phencne-
on 15 July at 2300 UT, less than an hour fram non was being recorded and that this process
local Mantc noon, the first ev•derce of p05- was stationary over time periods of at least
sible 1lng delayed echoes was recorded, follow-- sixteen secods.
ing several hours of tran issions on that day
without ME. ME continued to be cecorded until Event 2
24S8 UT, when excessive temperatures forced
equipment shutdown. At 2306 UT, 14 rEZ were Gehy ackgound. On 17 Jly 1980, at
recarded with delays ranging from 7 to 13 s. 063.2 LIT, Solar Regi -2562 produced an M3/lB
Figure la sham _w consecitive transmissions parallel ribbon flare in H-alpha, On 18 July at
of a .-wo-p•ulse sequence with a 16-s "Listening" 1930 UT, a proton evnt reahed a maximum of
period betwe~ trananissions. The receiver i00 particles/s. The gemgntic field was
bandwidth was 16 iRz centered on the transmit- quiet until a sudden camuxenxmt of activity
ted frequency of 9.9 MHz. at 1928 UT. The Sheep Creek magnetometer moni-

The first trwmaission produced all 14 "hits" toeing the horizontal ompnent of the earth's
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JULY S, 1980 JULY 18,1960

U~~1' * . ~~ 2000 % ..
UT ~ .~ f

23?4 a-
*% .

Sweep rime -see A~* .

0 a 4 6b 9' 102 4 IS 19518 awe 0 Ot V* *..UT
Fig. I.. C~qauits of three sets of storage SWEEP TI ME - s st
Sao traCes, a is the record of two conseaa-
t~ivemsavepe. bconsists ofthe data shkn in a, 0 a2 9 157 8 0
overwritten two minutes later wi~th two more
oonecutive swoup. is two swep two miue Fig. 3. LDSfroma 3-pulse saqamnoa transmi tted

later wi~th aLI. pciar Information erased. ~ Mwdho 6kz

magnetic field also dropped by 240 gas at per tranmisaianis significantly greater than
1928 UT aid remained unsettl~ed for several. at higher target speeds. Therefores it sem r.Z

rhours. The Lo ebm, W shooed no or reflections wone apparently reflected from targets witha
anid the college 30-463 ricnater shoosed in- ma4tirua. of speeds ranging frau -120 Wes to
creamed noise frau 1936 to 1956 f~f, indtoating 575 Wr/s during this event.
ionospheric depletion. In bath Fig. 2Rand 3 a tiplet of 10-rn

P-9ded U were recorded from 1.946 UT pulses, speaed SO-rn asn..ei-wounter, weret

unti525O. my 0126 Or the number of returns transitted at the start of each ownep.

dibet* i onstheratins trowd. us to shugth deownvr mam t 30. Eet~ 3cmhccbssw
hnithrially,~ cy the background d noosseel da- eotdai1 eiobrt eemer

highe rhegin nrand inthbe tansmirt that theqen thesca Sbee Cree 2an1oee Julye Soar7
anpnu nxmetplsed signal wa bEfo arel taumi- Rgion256 d'pc m in DO' orzon al burst wi thea
dible in th esil dbe bacgon.O unigth dereasing terresaral 0300 ti fT oiospeld.urt wr
hapidly in intensity, ath 9.93run noise Te- sieaported no -t~h refaediinwurt won tumimtcer
to nose riniiatio y wabovd ath 9.92t t4zo the1 satratedn f2 Jul bei ee hour 0 UtaTi abt 2146 ur.
daa reion Fig. was recorded.p in that teceiteSeeverkmgota indicatt osil ocphrcdpetid ar a

bwin~idth was 16 kdIz, all returns an Pig. 2 are solar noise storm.

abo%- 9.93 Maz the wuaxlwmin target velocities beckscattor want f rcm 0 to over 10 hits per
detected ware 575 kai/s. trangmissicn, and the LWE oontinued at varying

A fewv minutes later the bacitgromzid noise an rates for seveal hours. Intense backscatter
dha transmitter frequency aecreased, anid the ocarred periodically as sham in fig. 4. Our-
data in Fig. 3 was recorded. The number of WER ing a particularly active period. the transmit-

JULY 22 ,19600

JULY 18, 1980 2320
1948 . .* . ... UT ** m7 .

S~pt 0 ~...

1947 .
fd*I6KMZ UT

UT

1946 a

UT 231 Wd... 4
UT.* f4 i

SWEEP TIME - sec SWEEP TIME- %QC

0 12 3 4 5 6 7' f 1'0 0 1 2 3 4 5 6 7 U 9 10

Fig. 2. LDE f row. 3-palse iequre transmuittec fig. 4. LM buirsts fraom a 3-pulse sequence
on 9. 90 162 and received an 9.92 16: witfl a transmi~tted and received on 9.90 M2: with a

receiver i.f. ber~dwidth of 16 kiz. receiver )..i. of 4 kiz.
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terwasturedoff f cc 16 minz to anure that Cteek Wid Platteville experIiants. special

Only aeun fwapreto h aare foaordedsisiw duh- teophysialsto.L.Famnfehtptei-

ing July abote iutated 6 in thsfetercrtanas t S. AW.k Hones, Jr.,aio wd tenir cllerissinL

balance of the e~erimental data are available in the 0otic."
in Preyman (1960). During the pust two yeaws this pcqmhas

been partiall~y tzAed by the US Awly Ballistic?
Cionlusions Missile ODefise DArC-F.SP program.

This experimint dswaistrated a repeatable Reeene
tecnique toe the geeainad ewino

Apparent LOS. Several thousawd apparent LDS
were recorded an fLlm during 5 events that oc- Widen, K. G.. aid G. G. YateS, A Meatch forA
cuzrrd betwee July 13 uA July 22, 1960. Dur- radio echoe of long delay, h. As. Terr.
Ing these evts ME were, observed for a tctal 2, 272, 1952.
of about 12-15 hour ad the soc interesting 3 Crtoed,-P. W-1 0. M. Sears, and ft. 1.. Beca.c
hourn were do~misted. The balanc of the uz Possible Observations and methanim of very
time was utilized to parf em a series of caper- l.am delayed cad4  :h I as P J. Ge~. aft.,
imets to. determira the vaslidity of the to- 21, 7326, 1970.
turns, propagation m~es pVamible. extant of Davies, K., ZonoecheiS Radio M2 tIon
the Oclrsito h mrtim misu~delay. existence af independent cf bursts Duff ett-Smith * P. J.,* An autmted search foe

&,A the curcelation of LOB with ionomonde, 'sag- ýadio echoe of long delay at 7, 9 ad 20
fletiC, and Cimeter data. lM2, J. Ataos. Twrc. _Ph~y., 37, 455, 1975.
ports of Rals and Stoemer. sonm transmitted ~t lo Las M~aimo Scientific Laboratory
pulses produce no L1S. Other transmitted pulses Ceport, LA-8519-46, in preparation 1960.
produce several. returns. They reported returns Goodscre, A. K.,* Observations of 1"r delayed
~comrring several minuites. after tramixisicn. echoes an 20 tMx, M, n, 14, March 1.980.
When LIZ am be ume, uncocrelated rf bursts eals, J. - The discovery of 4c a~s of long de-
also occu every few miznutas that have no rela- lay, Radio World, 19, 3,70 0.84ai
tionship to the tranuittuc pulses. 841, 77, 0, 4

LM undergo Dopler shif ts :anginq from taro Mfuldkew, D. B. # Generation of long delayed ech-
to 575 Iq's as well an possibLe incoherent and owm, J. Res., 84, 5199. 1979.
coherent backscatter in the cranpj of 0 to 3 IkHz Sears, 5. M., Long 'ciTayvriadic, ec4-e, SJ-m A

during the early portion of an LM event. ..0 S, tnank f-Pac3Re tu
The a-oatransmissions produced LW;, the ni.,Stanford, Calif., 1974.

co-mods, transmissions did not. -Stacme, C., Shurt wae' dehe arz the aurora
ZM were recoeded out to 16 s In mid-day, anid borealis, Nature, 122, 681, 1929a.

t aabl.e ttres during late evwudng. The Stoemer, c.I iI -~e aniciir o
muiltiple returns froa dif ferent distances f roe their OCCurrt no., Nature, 123, 16, 1929b.
city ot transmission duets ar* t~llwinated. for Thesis, Stanford Univ., 1978.

La auwq irn theio maygneticat tfa a occtrrei- Villard, R0. R. Griat ffmuxeo, Abstract.

eigimetalresltsas e oseredremcrded delayed echo AR ir-eae coA..
aW ndrstidthe. ur ntrprtaionofthis at 30, February190

Ackiwweled4Mut~s. Thanks go to A. R. Koe&le (Received September 2S, 1980;
fcrtýdsino the detector mid data pro- revised February 3, 1981;

cessor and also for participation in the Sheep acrepted February 20, 1981.)


